Clostridium difficile is a Gram positive rod-shaped bacterium that produces two major toxins, A and B. The detection of the organism and its toxins has been widely carried out using specialized Enzyme-Linked Immunosorbent Assay (ELISA) kits; however these generally have been unsuccessful in identifying all Clostridium difficile positive samples. In this study, fifteen clinically symptomatic patients from three of the five major regional hospitals in Trinidad were investigated for Clostridium difficile infections. Stool samples were assessed by ELISA and cultured isolates were characterized using agar dilution antibiotic sensitivity assays, conventional Polymerase Chain Reaction (PCR), DNA sequencing and phylogenetic analysis of toxin A and B genes. All 15 patient stool samples and isolates were positive for toxigenic Clostridium difficile via ELISA and PCR respectively. All isolates were positive for the housekeeping tpi and Toxin B genes by PCR but only three of these were positive for the Toxin A gene. The Toxin B gene sequences showed 100% similarity levels among isolates while the Toxin A gene sequences showed 99% similarity among isolates. Phylogenetic analysis showed that the strains isolated in Trinidad most likely belonged to the same strain/group. Agar dilution sensitivity tests showed highest susceptibility to Pipercillin/ Tazobactam and Meropenem (87%) and the highest resistance was seen with Cefotaxime in 93%. These results indicate that similar virulent strains of C. difficile are present in the Trinidad population and that pathogenic strains are more likely to be susceptible to Pipercillin/Tazobactam and Meropenem.
Introduction
Clostridium difficile is a spore-forming, anaerobic, Gram-positive rod or bacillus that causes gastrointestinal infections in humans, which range in severity from asymptomatic colonization to chronic diarrhea, toxic megacolon, pseudomembraneous colitis, colonic perforation and death [1] . Clostridium difficile is a part of the normal gut flora; however it can multiply to infectious amounts when competing bacteria are wiped out by antibiotics through collateral damage by such agents [2] . Its major virulence is the large clostridial toxins A and B; these share up to 60% similarities in their amino acid sequence [3] . Affected persons may experience bloating and diarrhea with abdominal pain which may become severe. Significant to clinicians are combined symptoms of intense diarrhea, recent antibiotic exposure, colitis, fever and a foul stool odor [3] . Clostridium difficile is a major cause of nosocomial diarrhea, especially in institutionalized patients over 65 years of age [4] . Episodes of outpatient diarrhea with concomitant antibiotic use (of less than 8 weeks duration) are most often due to Clostridium difficile infection [5] .
The diagnosis of CDAD is dependent on molecular analysis, antigen detection and cytotoxicity tests [6] . Most of the laboratories in Trinidad and Tobago do not use any of these methods; therefore, the number of misdiagnosed cases is likely to be high. Clostridium difficile-associated diarrhea (CDAD) is most strongly linked to fluoroquinolone administration [7] - [11] . Fluoroquinolones are antimicrobial agents that may be used as first-line treatment for serious cases of Acute Pyelonephritis or Bacterial Prostatitis [7] . Cancer patients and others treated with fluoroquinolones (e.g. Ciprofloxacin) are indicated for increased risk of C. difficile-associated diarrhea.
Clostridium difficile infections are also proved to be difficult to treat with antimicrobials and many times a less efficacious drug is given; hence its antibiotic susceptibility profile is of massive importance in therapeutics [8] [10]- [12] . Thus far the most common control measure for reduction of associated disease symptoms is withdrawal of antibiotics; however routine treatment may soon include the administration of competing bacteria by fecal transplant [11] - [15] .
Molecular analysis of Clostridium difficile can be carried out in many ways; the most popular is via Polymerase Chain Reaction (PCR) [12] [13] . Using this method, regions of interest on the organism's DNA are amplified by the use of specific DNA primers. The differences in these amplified products are studied [13] . This method is used for both research and clinical diagnosis. Molecular sequencing and phylogenetic analysis are relatively new techniques that are used in research; these techniques allow for more beneficial information such as: determining genetic similarities and, evolutionary traits among organisms [14] . In this study, we will assess the similarities and antimicrobial susceptibility of the Clostridium difficile isolates in Trinidad.
Methods
Ethical approval was obtained from the various health authorities, and the University of the West Indies to collect and process the patient's samples. Patient's consent was also obtained; samples were collected between October 2012 and September 2013. A total of 15 patients who were suspected of having CDI were surveyed and their stool samples collected in sterile universal containers (no preservatives added) and analyzed. All subjects were examined once and no follow up was done. Both disease and study factors of interest were assessed in the shortest possible time. The medical histories were taken from the patients by use of a questionnaire.
Collection, Processing and Culturing of Specimens
The methods used for collection, culturing and processing stool samples and isolates were based on guidelines of the Clinical and Laboratory Standard Institute (CLSI) recommendations for carrying out antimicrobial testing for Gram positive anaerobes [15] - [21] . The detection and confirmation of bacteria were based on morphology, cultural characteristics, Gram stain and molecular analysis.
Diarrheal stool samples were collected from suspected CDI cases after patients gave their consents. Clinical specimens were transported to the Microbiology Laboratory (at the study sites or at the Teaching Laboratory, Pathology/Microbiology Units, Department of Para-Clinical Sciences, the UWI, St. Augustine) for analysis as soon as they were obtained. Specimens were transported in universal containers, enclosed in zip-lock bags; with the appropriate labels and forms. Samples that were not processed immediately were stored at 4˚C or at −70˚C for longer periods. Samples were visually analyzed for their consistency; hard, soft or watery. All samples were plated on Cycloserine Cefoxitin Fructose Agar (CCFA) supplemented with 7% horse blood and incubated for 72 hours under anaerobic conditions. Isolates were stored in Brain Heart Infusion Agar with 25% glycerol at −70˚C.
Clostridium difficile colonies were glossy, grey and circular with a 'horse stable' scent. Gram stains were positive for C. difficile characteristic shape.
Clostridium difficile Glutamate Dehydrogenase Testing
This is an EIA screening method that detects, common C. difficile producing enzyme. This was carried out using the C. diff Quick Check Complete (Techlabs). This test kit was able to detect both the presence of the organism as well as the toxin. A volume of 25 µl of liquid stool was added to a clean 2 ml cryovial; to which 750 µl of diluents and 1 drop of conjugate was added. Formed or semi-solid stool samples are first crushed with a sterile applicator to the appropriate amount. The mixture from the sterile cryovial was thoroughly mixed and 500 µl was transferred to the toxin region on the upper right hand corner of the kit. This was allowed to stand for 15 minutes. At the reaction window 300 µl of wash buffer was added; this was allowed to be absorbed after which 2 drops of substrate was added. The result was read after ten minutes.
Investigation of Clostridium difficile Toxin via EIA Kit
The commercially available toxin kit (C. diff Quick Check Complete Techlabs, Orlando Florida) was used for toxin detection. The method described in the test kit insert was strictly adhered to. This method is similar to what was seen above in the glutamate dehydrogenase test.
Quality Control Tests
The toxigenic C. difficile ATCC 9689 strain was subjected to similar analysis as the isolates being tested. This was done to verify the various methods used and to create a standard for analysis. Quality control procedures were carried out for each testing method used. The three major techniques employed for testing samples (EIA, culture and molecular), were selected based on international standards sets by Centre for Disease Control (CDC).
Toxin and tpi Gene Analysis
DNA Extraction was carried out using the DNeast Blood &Tissue-Qiagen Kit; the instructions were followed according to the user manual.
For DNA Amplification of the tpi housekeeping gene, ten micro liters (10 µl) of the resultant DNA extractions were added to separate PCR tubes containing 15 µl reaction buffer, which contained: 12.5 µl of GoTaq Green 2x master mix (Promega), 0.5 µl of each primer that was used for that particular reaction (Tpi-F and Tpi-R) and 1.5 µl of PCR water. This gave a total of 25 µl per reaction.
For the detection of toxin A and B gene, the same protocol that is used for tpi detection was used. However, the primer sets: NAK 9, NAK 11 and NAK 104 and NAK 105) were respectively used as previously described by others [12] [13].
PCR Reaction Mixture Preparation
PCR assay was performed as described previously by Ludovic Leemee et al. [12] , with slight modification; as no glycerol was used in the PCR mixture. GoTaq Green Master Mix contains reaction buffer (pH 8.5), bacterially derived Taq DNA polymerase 0.63 units, 200 µM dATP, 200 µM dGTP, 200 µM dCTP, 200 µM dTTP and 1.5 mM MgCl 2 . PCR analysis for the toxin A and B genes were carried out by using the following primers NK11 (5_TGATGCTAATAATGAATCTAAAATGGTAAC-3_) and NK9 (5_CCACCAGCTGCAGCCATA_3); for tcdB detection were: NK104 (sequence-5_-GTGTAGCAATGAAAGTCCAAGTTTACGC-3_) and NK105 (se-quence-5_-CACTTACTTCCTACATTATCTGAAGG-3_), as previously reported by [14] . PCR analysis was carried out for the house keeping gene (tpi), which is specific for Clostridium difficile. The following primer set was used tpi-F 5-AAAGAAGCTACTAAGGGTACAAA-3 and tpi-R 5-CATAATATTGGGTCTATTCCTAC-3.
DNA Amplification Settings
PCR conditions were as follows: denaturation for 3 minutes at 95˚C, 30 seconds at 95˚C, annealing for 1 minute at 55˚C, final extension step of 72˚C for 30 seconds. A total of 35 cycles were performed as previously recommended.
The strain ATCC 9689 was used as a control for the two major toxin genes (A & B) and the house keeping gene.
DNA Sequencing and Phylogenetic Analysis
Amplified DNA products from the positive samples were sent to Macrogen, South Korea for sequencing of the toxin A and B gene fragments. After trimming either ends of the sequences, DNA sequence alignment and phylogenetic analysis were carried out using BioEdit software and DNA MEGA 6 according to the programs instructions.
Statistical Analysis
The results were entered in to the SPSS version 17 software (IBM Armonk, NY, USA) and statistical analysis was carried out by using the paired and one sample t-test; with a statistical significant P-value of ≤0.05. Information compared and analyzed were antibiotic history and antibiotic susceptibility. The specificity, sensitivity, turn-around time and cost of the three assays used for sample analysis were recorded. Specificity and sensitivity were measured by the following formulae: The time it takes to use an assay to process a sample and receiving the result is referred to as the turn-around time. Cost is the money required for one analysis.
Antibiotic Susceptibility Testing
Antimicrobial susceptibility of C. difficile was determined by minimum inhibitory concentration obtained by agar dilution method; as recommended by the Clinical and Laboratory Standard Institute (CLSI). A 10 5 bacteria inocula was prepared by the direct suspension of the bacterial colonies, into 10 ml peptone water, equivalent to a 0.5 McFarlane standard (Biomerieux Vitek Inc., Hazel Hood Missouri). Fresh bacterial colony was taken from that which was grown for a 48 -72 hour period on the CCFA agar. The suspended colonies were then inoculated at 10 5 bacteria per spot on the Mueller Hinton supplemented with 7% horse blood and a 2 fold increase in varying antibiotic concentration (µg/mL). Antibiotic concentrations used were: Metronidazole (4, 8, 16, Table 1 illustrates the amount of toxin positive samples that were obtained from the three hospitals investigated. The highest number of cases came from SFGH, all of which were confirmed the three test methods used: culture EIA and PCR. N = Total number tested; Pos = Total number positive; Sens = Sensitivity in percentage; Spec = Specificity in percentage; PPV = Positive predictive value; NPV = Negative predictive value; TT Time taken to complete procedure in hrs; Cost = Amount of money for the use of consumables in US dollars; Performance parameter was done at 95% Confidence interval (CI). PCR proved to be the cheapest, effective and less time consuming. Figure 1 illustrates isolates tested for the tpi gene. Fifteen (15) isolates were tested for the presence of the housekeeping gene (tpi), which is specific for recognizing Clostridium difficile; from this group, 100% (15/15) showed positive tpi genes. PCR analysis was repeated several times to confirm these findings. Figure 4 compares the toxin A positive sequences obtained from this research, to known toxin A sequences on National Center for Biotechnology Information (NCBI) database. Toxin A gene was positive on DNA molecular sequencing (Macrogen Inc., South Korea) for 3 of the isolates. ClustalW alignment analysis using DNA Bioedit software showed 99% similarities among samples 2, 8 and 13. However slight variations were visible between the samples and a few of the known (NCBI) strains. Figure 5 uses a phylogenetic tree to group the isolates (3, 8 and 13) and compare them with known Clostridium difficile strains. This shows the strain/group the isolates are most closely related to. Phylogenetic analysis was done using DNA Mega6 software. All the toxin A genes from the isolates were most closely related to the Clostridium difficile 630 strain according to the National Center for Biotechnology Information (NCBI) database; with over 99% similarity. Figure 6 illustrates isolates tested for the toxin B gene. Fifteen (15) isolates were tested; from this group, 100% (15/15) showed positive toxin B gene fragments. PCR analysis was repeated several times to confirm the findings. Toxin B gene is responsible for toxin B production. Lambda (λ) refers to the lane in which the 100 bp DNA ladder was loaded. Lanes 1 -17 refers to the different columns in which DNA samples were loaded. Lanes 1 (control). Lanes 1 -9, 12 -17 are positive, lanes 10 -11 are negative controls; (not all the positives are shown in figure) . All submitted samples were positive and corresponded to the to the DNA band pattern obtained from the control strain. Figure 7 compares the toxin B positive sequences obtained from this research are to known toxin B sequences on NCBI database. Toxin B gene was positive on molecular sequencing (Macrogen Inc., South Korea) for all the samples. ClustalW alignment analysis using DNA Bioedit software showed 100% similarities between the toxin B gene fragments from the isolates. Slight differences were however visible between the samples and a few of the control strains. Phylogenetic analysis was done using DNA Mega6 software; all the isolates belonged to the same species and are most closely related to the Clostridium difficile IS25 strain (over 99% similar).
Results
From Figure 9 , the analyzed data revealed that 100% of the positive isolates were from patients with a history of antibiotic use. However, the highest number of positive CDI cases came from patients who had used Ceftriaxone and Metronidazole antibiotics. Both antibiotics showed a 35% association in CDI cases, while Ciprofloxacin was 30%.
The antibiotics used are shown in Table 3 . Two susceptibility groups were established; sensitive and resistant. Each group consisted of the same 15 isolates. The highest resistance was seen with the antibiotic Cefotaxime and was associated with 93% of the isolates. The highest susceptibility was seen with the antibiotics Piperacillin/Tazobactam and Meropenen; these were associated with 87% of the isolates. The antibiotic sensitive group was compared with the antibiotic resistant group and there was no significant difference between the two groups (p-value = 0.9). Figure 10 represents a graphical display of the amount (%) of the samples that showed susceptibility and resistant results. The highest resistance frequency was seen with the antibiotic Cefotaxime (93%). Highest susceptibility was seen with the antibiotic Piperacillin/Tazobactam and Meropenem (87% each). Figure 10 . The percentage of isolates that showed susceptibility and resistance to different antibiotics.
Discussion
Due to the lack of previously documented research on Clostridium difficile at the three hospitals investigated, accurate comparison of the trend in Clostridium difficile infection (CDI) in Trinidad & Tobago cannot be made. For the purpose of this study Clostridium difficile, most commonly referred to as C. difficile was isolated from patients suspected of having CDI. Toxigenic Clostridium difficile was present in 100% of the antibiotic-associated diarrheal cases found in this study. EIA and culture methods are less specific and sensitive; therefore they do lack the consistency in providing adequate and accurate data for patients [22] . There have also being reports of cross-reactivity between Clostridium sordellii lethal toxin and Clostridium difficile toxin B [22] - [26] . However, the possibility of cross-reactivity occurring in this investigation is low. This is due to the following reasons:
1) EIA kits used tested for both toxins and glutamate dehydrogenase, which is specific to Clostridium difficile.
2) All culture positive isolates were positive by PCR and DNA sequencing. The trend and demographics of C. difficile could be used as an important epidemiological tool to characterize and differentiate strains from the different hospitals based on agar dilution and PCR technique. Both EIA and PCR are important, fast and effective tools in detecting toxigenic C. difficile (see Table 2 ). However, EIA has its advantage of being able to detect C. difficile and its toxins directly from stool in a short period of time. PCR on the other hand is more sensitive, specific, cheap, and is able to detect the presence of C. difficile from stool as well as the toxin genes of the organism [23] .
PCR is important for testing the presence of toxin genes as well as housekeeping genes that are specific for Clostridium difficile. PCR testing is very precise and sensitive (100% respectively) for the detection of Clostri- dium difficile [18] - [21] . According to the Centre of Disease Control and Prevention (CDC), 15% -25% of toxigenic C. difficile retrieved from nosocomial and antibiotic associated diarrheal patients are responsible for the diarrheal disease being experienced [22] - [25] [27] . The PCR method was used on all culture positive isolates in this study.
The results obtained showed that all the culture positive isolates were positive for the C. difficile housekeeping gene (see Figure 1) . This new finding, for the isolates obtained in our small geographical location, can be used to promote the use of molecular techniques for properly identifying Clostridium difficile. The tpi gene can also be considered the major identifying marker in this case. However more analysis will have to be carried out, using a larger sample size. Three of the isolates gave 289 bp DNA bands for the toxin A gene, which differed significantly from the expected 1266 bp fragment as seen for the ATCC 9689 C. difficile control strain. This finding indicates possible gene deletions/truncation. All three toxin A+B+ isolates showed slight variations in their 289 bp toxin A genes fragment, when compared among themselves. However greater variations were seen when the toxin A gene fragments obtained were compared with gene sequences from known C. difficile strains. The variability in the C. difficile DNA fragments amplified and sequenced, may have occurred due to horizontal gene transfer; similar truncated fragments have been reported by researchers who have conducted molecular studies on Clostridium difficile [13] . Lateral gene transfer via transduction, is a likely cause for bacterial gene deletions and insertions; Phages are virus materials that are known to insert their DNA into bacteria and produce changed in bacterial DNA [28] . Phages also produce enzymes such as nucleases which cuts DNA and may for truncated form of a gene [28] .
The toxin B gene fragments from the 15 toxin B+ isolates (including the 3 A+B+), were 100% similar when compared among themselves. However slight variations were seen when compared with some of the known strains from the NCBI database. The geographical location of the Clostridium difficile samples obtained may have played a vital role in the gene fragment variations seen. It is important to note that all the toxin B fragments isolated gave the correct 204 bp amplified base pair products. Therefore, we can conclude that truncation and variation in the toxin A gene is more likely to occur than that of the toxin B gene.
DNA sequencing procedure was important to the research as it without a doubt proves that the method used for CDI analysis was accurate, the primers used were correct for identifying specific toxin genes. Therefore, if this PCR method is implemented in investigated institutions it will be effective in confirming and analyzing CDI.
Phylogenetic analysis was used to analyze all the strains isolated; this was done to show whether or not they all belong to the same species/group of Clostridium difficile. Performing a clustal W alignment of the Toxin gene sequences showed that there were little variations in the strains present in Trinidad & Tobago. The isolates from this study showed great similarities to the Clostridium difficile 630 and IS25 strains; these have been isolated in Zurich Switzerland and China respectively. Further investigation is however needed in this field. The ease of travelling and the movement of people over extensive geographical regions are possible explanation for the similarity seen in local Clostridium difficile strains to that of the Clostridium difficile 630 and IS25 strains.
Other studies have shown that the predominance of toxigenic Clostridium difficile in stool cultures has been accredited to various factors. These factors include extensive hospital stays, being older than age 65, overuse or misuse of antibiotics and having an underlying disease such as chronic renal failure or HIV [29] . Other factors include the presence of an environment which contains C. difficile spores that can survive extreme conditions, as well as the use of medical devices on different patients without proper sterilization between usage [9] [10] [20] - [23] .
Surgical patients are at higher risk for CDI because of surgical interventions and high antibiotic use. This finding was in conformity with other studies conducted at various hospitals [24] - [27] .
Surgical patients need to be properly evaluated and followed up; therefore patients from the surgical wards may have experienced a longer hospital stay than patients from the other wards. These patients are therefore more predisposed to developing nosocomial CDI [5] [28] .
High resistance frequencies were seen with antibiotics such as Ceftriaxone, Ciprofloxacin and Cefotaxime in Clostridium difficile isolates obtained encountered in this study. Cefotaxime resistant isolates that were associated with diarrhea was an important finding ( Table 2) . Similarly, Cefotaxime resistant isolates were found in other studies [29] . These antibiotics are among the experient first line treatment for Clostridium difficile infection at the hospitals investigated. Other studies showed similar results with a high frequency of resistance to these antibiotics [29] [30] . The wide spread use of these antimicrobial agents now pose a great risk for patients, due to the fact that as these agents disrupts the bacterial flora of the intestine; Clostridium difficile is not only left to thrive but has the added capability to reproduce at a faster rate due to resistance. There has also been reports of increased CDI in hospitals where Pipercillin/Tazobactam was replaced by cephalosporins such as Cefotaxime [31] .
An important observation in this study was the moderate susceptibility rate to Piperacillin/Tazobactam (87%) and Meropenem (87%). This may be due to the fact that these drugs are not readily used as first line treatment for CDI at the hospitals investigated and there is a precautionary use of these as dictated by institutional drug policies. These drugs are not readily used for treating CDI as reported in the literature [25] .
Conclusion
The existence of Clostridium difficile toxin genes in hospitalized patients in Trinidad & Tobago is clinically significant. All the culture positive isolates obtained are toxigenic; this is determined by the presence of one or more toxin genes. All the toxigenic isolates are from patients with prior antibiotic exposure. Routine DNA testing is important and should be a part of the detection algorithm. There are great similarities between local strains based on the PCR and DNA sequencing patterns. Therefore, the extent of the implications of these strains in causing CDAD needs to be further assessed.
